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THE PROBLEM

Individuals who liztened to multiple-choice tests and other individuals who
epenting the test-word groups after hecrmg them Gurolly, acted as speakers, were

1 Ao aL -
inviruciced fo A€y I -if TE3pTNsT

~wuas preseqted. The tone followe
3,4, or 5 econd:, randomly.

(ther groups of individuals acted as {isteners and still others as tatkers under
two specific response delay time conditions of either ore or five seconds  The verbal
marteriols were the PR wiite-C. wr word lists,

FINDIMNGS

1. Increases in response delay times to multiple-choice test items resuited in
incrementally higher scores of both listener reception and specker inielligibility under
the conditions ot zero to five seconds resporse delay. Delays of five seconds yielded
the highest scores.

2. When PB word list; were used as stimulus material under the conditions of
one or five seconds delay, the speaker intelligibility scores showed an increase at the
longer delay time, but the speech reception scores were reversed, the higher scores
being associoted with the shorter delay time.



INTRODUCTION

Several studies have been devoted to the exploration of the efficiency of
certain methods by wnich a speaker cecquires the verbal material he is to transmit (2,5,
7-11). The dato obtained and the inferences drawn from the analyses assumed either

material to listeners. Short time delays of 0.05, 0.08, and 0.09 second i1 a speaker's
side~tone tend to improve his intelligibility (1), but the mechanism in side-tone modifi-
cation is not strictly one of retransmission f speech. Another study, more clearly allied
with response delay, found that deloying the onset of aural signals 0.23 second in rela-
tion to the visual faciai gestures made no difference to the resultant intelligibility
scores (12).

Other studies have had as porameters certain “stressful" situations or certain
tasks inserted between the presentation of the stimulus word items and the listener re~
sponses to the words (4,6). The assumption seemed implicit that delaying the responses
did not contribute to changes in speech reception efficiency.

The present study was designed to describe the function of response time deloy
of six incrementa! steps from zero to five seconds when the verbal material was the
multiple-choice type tests used as speech reception tests and as speaker intelligibility
tests. Additional data were obtained on two delay times using PB(Phonetically Balanced
write-down te:is (3].

PROCEDURE

There were four sets of data obtained to test the hypotheses of no difference
among the response delay times os they might have influenced: (a) the Speech Recep-
tion of multiple-choice test items, (b) the Speaker Intelligibility of the multiple-choice
test items, (c) the Speech Reception of PB words, and (d) the Speaker Intelligibility of
PB words.

MULTIPLE-CHOICE TESTS

(a) Speech Reception

Forms C and D of the multiple-choice tests were recorded by nine speakers.
Each speaker read one three-word group item in each of the 24 lists comprising the two
forms. The speckers were rotated so that the same speaker did not read the some three-
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word item in each list; however, no attempt was made to randomize the order in which
speakers ialked. This recording was dubbed sc that a 1000 cps tonal burst followed the
last word in each three-word item group by 0,1,2,3,4,0r 5 seconds. The tonai."beep"”
delay remained the same for each list, but the delay times were distributed randomly
among lists, except that each delay time occurred four times within the 24 lists,

Tweive panels of listencrs, 18 to 24 pai 7rz!, were given routinized eatempurane-
ous instructions as to how they were to respor: o the test, with the additional admoni-
tion not to mark their papers until they heard the response tone following each word-
group item, A short pre~test was administered prior to the administration of the test
proper to acquaint the listenears with the method of test taking.

The stimulus tape playback was adjusted so that the speech levels averaged 80 db
under the hzadset cushions (HS-33 headsets, PDR-3 earphones mounted in NAT -48490-~1
doughnut cushions).  "he speech signals feeding the headset circuit were mixed, in
line, with ASA whitc .oise froman H. H. Scott generator, Model 811-A, at a +15 db
signal/noise ratio. Playback of the speech was from an Ampex 600 magnetic tape re-
corder. The listening was done in a classroom situation having an average ambient
noise level of 58 db re 0.0002 dyne/cm? , C scale cf sound level meter.

{(b) Speaker Intelligibility

) Forty-eight speakers, four per panel, heord the identical nine-voiced delayed
response Forms C and D, as did the listening panels in (a) above. Their task was to
repeat ihe stimuius phroses after hearing the beep tone following each phrase. in eftect,
then, the result was to delay the speakers saying the stimulus phrases after receiving the
"messdge" from zero to five seconds. Each speaker read six intelligibility lists, each
list incorporating one of the delay times.

The speakers read the items from a smal! sound-treated room utilizing an Altec
21-C boom-mounted microphone attached to a standard HS-33 headset through which
each speaker received the verbal material he was to repeat. The microphone was
positioned along the cheek with the diophregm of the microphone at the corner of
the mouth; parallel incidence.

The speech signals were amplifiead and mixed with ASA white noise by an Altec
250)-A console to deliver a +15 db signal/noise ratio. The combined signals and noise
were then channeled to the headset circuit of panels of listeners in a larger sound room
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at an 80 db level under the earphone cushions. The responses of the listeners, 16 to

30 listeners per panel, to the multiple-:hoice tests yielded peaker intelligibility sccres.
The listeners received the sanie instructions as did those taking part in the speech recep-
tion portion o the study cutlined in {a) above,

PE WORD TESTS
(c) é_geech Reception

A single specker recorded four of the 50-word PB lists usir g The same equipment
described in port (b) of the present study. Twe deiay times, one ond five seconds, were
huilt jnto two recordings. For one of the recordings there wos a 1000 cps beep tone
presented following the stimulus word by one secaond and for the other two PB lists record-
ing tho tone followed the words by five seconds.

One-half of a panel of listeners (15 individuals) heard the PB lists with the one-
second delay response ond simultaneously the second one-holf of the panel (15 other
individuols) heard the tape with the five-second delay fone. Both groups were instructed
to wait untii they heard the beep tone foliowing euch word before they wrote down the
wotd they heard. The voice signals were played back at o level of 80 4b under the head-
set cushions. An ASA white noise was mixed with the voice signals at a +15 db signal/
naise ratio and remained constant throughout the tesiing session,

(d) Speaker |l1f8”lgll)l,l{z

Twenty-four individuals served as speakers in the PB intelligibility portion of the
present tudy. Tour speakers listened 1o a single~voiced recording of four P8 lisis (1~4;,
and their repetitions of the words were heard by @ panel of listeners, one speaker per
list. The one-voiced stimulus recording was the same as that heard by the tistening panel
in {<) above, Fach speaker responded by repeoting the stimulus words he heoid both cne
and five seconds ofter he heard the word via his headset, The speokers heard tha words at
an 80 dii SPL under the headset cushions mived with AGA white ndise wet to yield o 115 db
signal /noise sutio, The sprakers were stationed in a small sound-preofed room

The speaker's voice was picked up by an Altec 21-C condenser microphone boom-
mounted on the headset, s in port (b) of the present study described above, and deliver-
ed to o panel of listeners (20 to 30 per panel). The voltages across the listeners' head-
sets were convertod 10 sound-pressure iavel and averaged B0 db, The listening was done
in "quiet”, i.e., 42 db re 0. UX2 dyna/cm? , C scale of the sound level meter. There
veere six replications of the above procedure.



RESULTS

The date obtained under the four testing sequences were tabulated and analyzed
variously to test the following specitic statements,

(¢;  There is no difference among Speech Reception scores for the six conditions
of response delay of zero to five seconds.

{b} Theie is no difference among Speaker inteiligibility scores when the talker wivo
receives his verbal material aurelly deloyﬂms repetitions by zerc to five seconds,

(c) There is no diiierence between write-down Speech Reception scores when one
group of listeners responds after a one-second delay and ancther group responds after o
five-second delay to the stimulus words.

(d) There is no difference between the Speaker Intelligibility scores for Pb write-
down words when the two respense delay times are compared,

(e) There is no difference between the multiple-choice and P8 reception scares or
between the two types of spealer intelligibility scores when the two types of speech test-
ing are compared for the one- and the five-second deioy response times.

MULTIPLE CHOICE TESTS
(a) Speech Reception

The mean panel scores for each delay time wera tabulated and arrayed for an analysis
of varionce {Lindquist, Treatments by Subjects Design). A summary of the analysis is
found in Table | following,

The analysis of varionce indicates significant differences among mean panel scores
for the delayed response times. As is apparent, there were differences among groups of
listeners. The averages of the mean panei scores are found in Table H and are plotted
inFigure 1. Computations for t ratios yield val  indicoting that o ditference between
means of 2.12 percentage poinis is significant at the 1 per cent level of contidence; for
5 per cent the required difference is 1.61,



Table |

Summary of an Analysis of Variance of the Mean
Correct Listener Reception Scores for Each of Six Different
Response Delay Times (0-5 seconds). N panels = 12

Scurce of Variance df  Sum of Squares Variance F
uelay (D) 5 234.21 46.842 11.356
Groups (G) 1 4869.78 442.707
DxG 55 226,89 4,125

Total 71 5330.88

F = msD/msD <G’ significant at the 1 per cent level of confidence, 5 and

55 df

Table |1

Mean Panel Per Cent Correct Reception 5Scores at
Each of Six Response Delay Times, N = 12

Response Delay Times (sec.) 0O 1 2 3 4 5
Per Cent Correct 81.6 81.1 79.% 82.5 82.7 85.2

[t is apparent from Tuble Il and Figure | that there was a general increase in the
mean reception scores with increased response delay times over the range explored, with
the exception of the two-~second time. Even including the decrease at two seconds the
funttion appears to be essentially linear with the five-second delay time yielding the
highest speech reception scores. ’
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FIGURE I

MEAN PAMEL RECEPTION SCORES FOR MULTIPLE-CHOICE TESTING WHEN THE LISTENER
RESPONSES ARE DELAYED 0 T0 5 SECONDS




(b) Speaker inteliigibility

The mean speaker intelligibility scares for each of the 48 talkers at each of the six
response delay times were computed and paitorened to form the basic measures for an
analysis of variance (Lindquist, Treatments by Subjects design). A summary of the
analysis is given in Table 111, The mean intelligibility scores for each speaker were

contributed by 14 10 30 listenars.

Table 111

Summary of an Analysis of Variance of the Mean
Per Cent Correct Speaker Intelligibility Scores of Each
of Six Response Delay Times (C-5 seconds). N - 48

Source of Voriance df  Sum of Squares Variance F
Delay (D) 5 3324.71 664,94 17,129+
Speakers (S) 47 9362.31 199.20 3.334
Dx5$S : 23.; 14041.19 59.75

Total 287 26728.21

*Eo- msD/msD Y significant at the 1 per cent level of confidence; 5 ond
235 df,

The obove analysis shows significant differences among the response delay times as
these affect the speaker intelligibility scores of talkers who delayed their repetitions of
aurally presented verbal material. The varionce for speakers was clso significant, as
would he expected.

speaker intelligibility scores. These means were composed of the averages per condition
of the four speakers who were heard by a common panei of listeners, An analysis of
varionce (Treatments hy Subjects) was made on the above dato to confirm the means and
indicate group homogeneity, The F rotio among response delay times was 12,063, 5 and
55 df, significant at the 1 per cant level of confidence. The F ratio for speaker groups

was nonsigniticant,



Tive mean rpecker inte!ligibility scores for both tabulations were identical for all
zenditions of response delay times, These are listed below in Table [V and are plotted
in Figure 2. The t-ratio computations indicate that o difference betwoen means of 4.05
is significant at the 1 per cent level of confidence, and a differe-ce of 3,08 is signifi-
cart at the 5 per cent level,

labie IV

Mean Speaker Irtelligibility Per Cent Corract Sr.ores for
Each of the Six Conditions of Response Deloy Times, 4 48

Response Delay Times (sec.} U 1 2 3 4 5
Per Cent Correci 76.4 71.8 74,0 78.7 75.6  82.4

An examination of the means in Table [V and the plot of those means in Figure 2
reveals a gereral increase in speaker intelligibility scores as the response delay time
increased, particulorty if the zero time delay is ignored, It would also appear that the
function seems to be essentially linear with the highest intelligibility scores resuiting
from the five-second delay time, This parallels the results obtained from the multiple-
choice speech reception portion of the study.

PB WORD TESTS
(c) S_pmech Reception

The PB reception scores of the two groups of listeners, one group responding with a
cne~sesond delay the other ¢ five-second delay, were analyzed for differences by o t-
for related measures., The value of the t-ratio was 12,59, which is significant at the 1
per cent level of confidence indicating o difference in reception write~down scores be-
tween the one- and the fivs- seconds response delay times to the one-voiced recording.
The meon panel scores for the two delay times were 91,1 per cont for the one-second
condition and 84.3 per cent for the five-second delay, a reversal from the results obtain-
ed from the multiple-choice testing circumstance.
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MEAN SPEAKER INTELLIGIBILITY SCORES OBTAINED FROM MULTIPLE-CHOICE INTELLIGIBILITY TESTS
WHEN THE SPEAKER DELAYED SAYING THE THREE-WORD [TEM CROUPS HEARD AUKALLY BY O TO 5 SECONDS,



{(c) Speaker Intelligibility

Each of the 24 individuals who served as a speaker made the repetiticns of the words
he heard plus the carrier phrase under the one- and five-second response delay times, 50
words per specker por condition. Two mean intelligibility scores were obtained for cach
individual, each condition. These szores were tabulated ond analyzed by an analysis of
variance {Treatment by Subjects design), The summary is found in Table V.

Table V

Summary of an Anoiysf; of Variance of Mean Per Cent
Correct Speaker Intelligibitity Scores Obtained Urder a One- and o
Five-Second Response: Delay Time. (PB Words,) N 24

Source of Variance df Sum of Squares Variance F
Delay (D) 1 202,95 202.95 4,077
Speakers (S) 23 2098.55 91.24 1.833
Dx5S 23 1194.97 49,78

Total 47 344647

= msD/msD < 5+ significant ot fhe ¢ per cent |eve| of conndencc 1 ond
23 df

*

The difference between means cbtained under the conditions of one-second délay
(82.3 pe- cent) and of five-second delay (84.4 per cent) is in the same genera! direction
as for the multiple~choice speaker infeicigibility situation reported above. The analysis
shows, however, the differences just miss baing significant. The differences botween
means are reversed from the PB word reception results.

A series of t's for unrelated meusures were computed for a sample of 8 of the 24

speakers in whick one-half of the scores assigned to a speaker for one-second delay were
compared with one-half of the scores for five seconds-response-dala

mse—deloy time., A sscon

set of t-ratios were obtained on the other one-half of the scores, reversing the pattern of
the first set. The values and their significance levals are found in Table Vi



Table VI

A Distribution of 1 (Unrelated) Values for Eight Speakers Comparing
Split-Holl Scores Between One- and Five-Seconds Response Delay Times,
Levels of Signiticance are also Given, dt = 48

Sprokers -t First Set % Significance t Second Set % Significance
] 23.92 ! 24,94 . 1
2 25.88 ] 34.34 1
3 8.67 ] 5.35 1
4 7.20 1 13.00 1
5 .63 35 1,95 8
6 8.86 1 1.53 12
7 1.27 22 8.58 ]
8 3.57 1 3.02 1

The values of t in Table VI show o high degree of cunsisiancy for five of the eight
speakers when the differences between response delay times are compared, Three of the
eight show marked variability.

MULTIPLE-CHOICE AND P8 WORD TESTING COMPARISONS
a) Listener Reception

Two series of scores were taken from two listening panels of the multiple-choice
and from all of the PB word reception date at sach of the ona- and five-second response
"delay times. These were arrayed to yield two t -ratics for ynrolated measure:, The
listening conditions and the sound-pressure levels of the signals were identical, The
degree of listener sophistication was also the same.

At the one-~second response delay time the mean panel score average for the multiple-
choice recaption was 78,6 per cant and 91.1 par cent for the PB words., The t-ratic was
6.07 indicoting significant differences between the means of the listener's scores for the
* two testing methods, The five-second delay yieldad meens of 83.9 per cent for the

multiple-choice and 84.3 per cent for the PB words. In this instance the t-ratic was
0.278, nonsignificant, -



(b) Speaker Intelligibility

The speaker intelligibility scores from 48 individuals repsating the multiple-choice
word phrases were compared with the scores of 24 individuals repeating the P8 words
under the one-and five-second response delay times. The t-ratio for the one-second
delav wos 4.63, showing differences significant af the 1 per cent level of confidence,
The mean per cent correct scores were: multiple choice, 71,8 ond for the P8, 86.4,

for the five-second response delay time the t-ratio for unrelated measures was 2,10,
revealing differences among means significant at the 5 per cent level of confidence. The
mean per ce.at correct scores were: multiple-choice, 82,3 and for the P8, 86.4,

DISCUSS'!ON

The results of the speech reception and speaker inteiligibility functions when the
multiple=choice tests were used as the stimulus matericis at each of six randomized
conditions of response delay times follow similar trends that seem to indicate thot as the
delay time is increased hetween the stimulus word groups and either speaker o listen
respanses, reception and/or speaker intelligibility is enhanced, This was not complately
in accord with casual observation or reports of listenars or speakers when questionad con-

cerning the certainty of their responses.

. However, in retrospect, the results seem logical, particularly with respect to listener
reception of multiple-choice test items. One fundemental premise of the test is that al:
of the informational content of the speech sample is before the individual ot al! times, !
Giving the listener additional time may allow him to scon the alternative words sub-
vocally or soto vace, thus making more accurate the "comparisons” with remembered

acoustic patterns,

The possible explanation above could hardly be valid when attempting to account
for the results obtained from the multiple-choice speaker intelligibility datc. The talker

aices before him as he repeated the word group: he
heard., However, the subjective observations of experimenters ard of some of the a<peri-
mental subjects report a “process” of sub-vocal repetitions of sach phrase, over and over,
until the tonal signal to commence talking was received. At this instant the individual
tended to "burst" into speech with the verbal material well rehearsed. It is true thot he
could arroneously rehearse mishearings, but the evidence seems to indicate that increas-
ing the time of such a sub-vocal repetitive process enhanced inielligibitity. Of coune,
e

there is no direct evidence thai such o process was operating.
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The results certainly make evident that an extension of the zero to five ceconds
responise delay times should be explored experimentally in order to determine at whici,

delay times the trend found in the presenr study would be reversed,

The duta concerning the two response deloy times when the speech material was the
PG word lists present o more equivocal pictuie. Wherea: the speaker intelligibility por-
tion of the study exhibits the same general trends as in the multiple-choice testing cir-
cumstance, the PB ward listener ~eception data show a reversal, in that higher recention

scores were obtained under the condition of one-second response delay time.

it is possible that when the talker was repeating the word le heard, the highly
theoretical process of increosed rehearsel time “solidifying" and enhonrmg his vocal
responses could be operating, If we ascume that "rehearsing" is in progress here, on
additional step of abstraction could be predicated that perhaps a small portion, one
syllable of verbage, makes for unfavorable rehearswal material when compared with
larger portions-of from four to Tive syilables. This then might be an explanation for the
higher speaker scores being associated with the longer response delay time,

Dne possible assumption that could be made to "explain” the results of the reversed
speech reception date is that some of the increase 1eheorsal time confusedly coubd be
spent in concern over spelling and legibility, A tenuous explanation, it is true, Addi-
tional experimentation is indicated with PB word lists using all of the response delay
times employed in the multiple-choice testing portion of the present study and using the
same extensions of delay time proposed above.

sty and the PR test rewults
were made primunly asa "fm er-exercise” yet wnh the hope that some insight might
be gained with respect os to how botk cou'! be employed in similar situations. Statisti-
cal differences were found among three of the four comparisons,
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